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Introduction
The economic costs of natural disasters have risen dramatically over the past several decades. In the 1950s, natural disasters caused $53.6 billion in damages worldwide and by the 1990s, damages had risen to $778.3 billion (Munich Re, 2008) . In 2008 alone, natural catastrophes inflicted $200 billion in direct economic damages worldwide, the third most costly year ever.
This growth in damages from natural disasters has made the question of how to manage catastrophe risk more salient, attracting the attention of policymakers and scholars alike.
Improving management will require developing adequate and sustainable financial protection for potential victims of future disasters. Insurance has typically played a key role in providing financial protection against catastrophes. And insured losses have been growing along with total damages: of the 25 most costly insured losses over the period 1970-2008, 14 occurred since 2001, 12 of which were in the United States (Kunreuther and Michel-Kerjan, 2009 ).
Among natural hazards, floods are of particular concern since, during the 20th century in the United States, they accounted for the most lives lost and the most property damage of all natural disasters (Perry, 2000) . In the United States, standard multiperil homeowners insurance policies, which are normally required as a condition for a mortgage, cover damage from fire, wind, hail, lightning, and winter storms, among other common noncatastrophe perils. Coverage for flood damage resulting from rising water is explicitly excluded in homeowners insurance policies, but coverage for these losses has been available through the federally managed National Flood Insurance Program (NFIP) since 1968.
Federal law requires property owners in 100-year floodplains-referred to as Special Flood Hazard Areas (SFHAs)-with a mortgage from a federally backed or regulated lender to purchase flood insurance; yet the effectiveness of this requirement in practice has been questioned as take-up rates have been found to be quite low in many places across the country We find that most NFIP policies in Florida are for single-family, residential properties.
Just as the program overall is concentrated in only a few states, policies in Florida are highly concentrated in a few counties. The majority of policies are located within 100-year floodplains, but a sizable percentage of property owners nevertheless insure outside of these areas. The NFIP places a limit on the amount of coverage property owners can purchase, but in Florida, about 75 percent of homeowners insure below this limit. Most homeowners insure both their home and its contents, but about 13 percent do not insure their contents at all. These state-level averages, however, mask county-level variation.
On contract choices, we find that in 2005, 97 percent of customers chose a deductible lower than the maximum available, and almost 80 percent of policyholders choose the lowest possible deductible (i.e., $500). Our results on deductible choices are consistent with the literature on other insurance markets, albeit much more pronounced than previous work and based here on the largest sample ever studied. We also find, interestingly, though, that deductible choice varies with flood zone, with more homeowners in the riskiest areas-where the mandatory purchase requirement applies-choosing a higher deductible. Not many individuals appear to insure only catastrophes, as those at the limit of coverage are more likely to choose the lowest possible deductible. As anticipated, we also find that people have reacted to the 2004 floods in Florida by choosing a lower deductible and higher limit than they previously did.
In an analysis of the determinants of claims payments, we find that claims are higher in 100-year floodplains and lower when a property is elevated, has more than one floor, or has a basement. In addition, claims are lower in communities that have undertaken flood mitigation activities. Finally, we find that the average premium per policy and per $1,000 of coverage in Florida is among the lowest in the nation, which is somewhat counterintuitive given the storm surge exposure in this state. NFIP premiums are set for each flood zone nationally and do not vary by state or locality, so variations in price reflect variations among those purchasing policies.
Furthermore, a recent U.S. Government Accountability Office (GAO) report noted that the NFIP rate-setting process uses out-of-date data (GAO, 2008a) . This might be even more pronounced in Florida given the fast urban development that has occurred there over the past 30 years.
The next section of the paper provides an overview of aspects of the NFIP program that are relevant to the analysis we conduct in this study. Section 2 also provides a cross-state comparison of several metrics of the NFIP to put our analysis of Florida in a national context. Section 3 systematically addresses each of the four questions above. Finally, section 4 concludes and offers some policy recommendations for improving the NFIP.
History and Function of the National Flood Insurance Program: Past and Present

Creation and operation of the NFIP
The NFIP grew out of a widespread belief among private insurance companies that flood peril was not insurable. It was argued in the United States that floods could not be insured by the private sector because: (1) only particular areas are subject to the risk, and as such, adverse selection would be a problem; (2) the premiums necessary would be so high that no one would be willing to pay them; and (3) collected premiums would not be sufficient to cover catastrophic events (Overman, 1957; Gerdes, 1963; Anderson, 1974) . This concern culminated in the passage of the NFIP in 1968 following major floods that demonstrated the lack of coverage in many hazardous areas. It was thought that a government program could potentially be successful because it might pool risks more broadly, have funds to jumpstart the program, subsidize existing homeowners while charging actuarial rates to new construction, and tie insurance to land-use changes that might lower risks (Grossman, 1958) . The program would also have the capacity to spread losses over time thanks to the potential for the program to borrow money from the federal government to compensate for a punctual deficit, something private insurers cannot do.
The NFIP was originally designed as a voluntary partnership between the federal government and communities: local governments enacted floodplain management regulations; in exchange, property owners in participating communities were eligible for federal flood insurance.
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The majority of NFIP policies are written through the Write-Your-Own (WYO) Program, which allows participating property or casualty insurance companies to write and service NFIP's standard flood insurance policy in their own names. The insurance companies bear no risk and are compensated for writing policies and settling claims, whereas the federal government benefits from the private industry's marketing channels and the presence of many insurers in participating communities. Nearly all of the flood policies issued today are written by companies that write flood insurance through the WYO program (99 percent in Florida over the period [2000] [2001] [2002] [2003] [2004] [2005] .
To set premiums and support local governments, the NFIP creates Flood Insurance Rate Maps (FIRMs) of participating communities, which designate flood risks through different flood zones. To encourage further mitigation, the NFIP runs the Community Rating System (CRS), a voluntary program that rewards communities that undertake mitigating activities with lower premiums. The CRS has 10 classes, ranging from 1 for communities that have undertaken the most significant collective mitigation measures to protect against flood, to 10 for those that have done nothing. Communities can improve their class ranking by adopting a range of policies that reduce flood losses, improve awareness of flood risk, and/or facilitate accurate insurance ratings (more information on the CRS is available on FEMA's website).
Despite this potentially synergistic effort between the NFIP and private companies, takeup rates for flood insurance have historically been low. One reason is that private insurance agents do not seem to market NFIP policies (Anderson, 1974) ; in addition, individuals are not interested in voluntarily purchasing flood insurance because of behavioral biases in evaluating low-probability risks and/or a lack of information (Anderson, 1974; Kunreuther, 1979; Power and Shows, 1979) . Tropical Storm Agnes in 1972 demonstrated to Congress that very few people were participating in the NFIP, leading to the passage of the Flood Disaster Protection Act in 1973 (Anderson, 1974) . This act limited federal disaster assistance for nonparticipating 2 For more on the history and functioning of the NFIP, see Pasterick (1998). communities and also created a mandatory purchase requirement: federally backed or regulated lenders must require the purchase of flood insurance by anyone taking out a mortgage on property acquired or developed in an SFHA. Although this led to a large relative increase in policies-in-force, the 1993 floods in the Midwest revealed that the mandatory purchase requirement was not being widely enforced, and sanctions on lenders were tightened in 1994.
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It is difficult to determine how well these regulations are working in practice because of a lack of nationwide data on the number of properties in 100-year floodplains (Kriesel and Landry, 2004; Dixon et al., 2006) . Despite this limitation, one can look at the absolute evolution of flood insurance coverage over time. The combination of FEMA's attempts to raise awareness regarding the risk of floods and a series of major flooding episodes that occurred in [1992] [1993] significantly contributed to increasing the number of flood policies issued by the NFIP. 
Cross-state comparisons
The NFIP does not play the same role in every state. Table 1 provides an overview of the coverage and premiums in the top 10 states (ranked by the number of flood policies-in-force) at 3 The National Flood Insurance Reform Act of 1994 created financial penalties for lenders that did not comply with the mandatory purchase requirement, stated that liability is not altered by sale or transfer of the loan, and mandated that lenders purchase insurance on behalf of the borrower if the borrower fails to do so. 4 Three significant flood events in 1992 (a Texas flood, Hurricane Andrew, and a Nor'Easter) generated more than $500 million in insured losses; a March storm and the floods in the Midwest in 1993 also generated $500 million in payments by the NFIP. 
Analysis of the Flood Insurance Market in the State of Florida
With more than 40 percent of the policies-in-force in the United States, Florida offers a natural setting to better understand the functioning of the NFIP and the characteristics of homeowners who choose to buy flood coverage. Moreover, the state is highly exposed to hurricane risks and has the greatest concentration of exposed value in high-risk areas; Florida is thus of particular interest to many policymakers. In this section, we answer four questions regarding flood insurance in Florida: (1) What are the characteristics of the buyers of flood insurance? (2) What type of contracts (coverage levels and deductibles) are purchased? (3) Where and when are claims paid? (4) How are prices determined and how much does NFIP insurance cost?
To answer these questions, we compiled data from several sources. The first is a data set of more than 7.5 million flood insurance policies provided to us by the NFIP. 7 We also received a dataset from the NFIP containing all claims filed in Florida through August 31, 2006, excluding identifying information. It includes information on the claim, such as the date of the loss, the catastrophe with which it is associated, the amount of damage, and how much was paid. It also contains information for a subset of the policies on the house and contents associated with the claim, such as structural features of the house and the value of the house and contents.
It includes all of the policies-in-force in Florida for six consecutive years (2000) (2001) (2002) (2003) (2004) (2005) ranging from more than 1.21 million policies in 2000 to more than 1.37 million in 2005. The data set excludes identifying information regarding the homeowner, preventing us from doing a household-level analysis, but it does provide the policyholder's zip code, city, and county. The data set contains a variety of variables relating to the policy, such as the coverage level, premium, and deductible, as well as the flood zone, the CRS class, and the type of policy (e.g., single-family or commercial).
Finally, from the 2000 U.S. Census, we compiled county-level demographic information, such as median income and median value of owner-occupied housing. Although these figures have certainly evolved since 2000, they are the most recently available Census data. We used such measures to better understand the factors driving the decision to purchase insurance.
What are the characteristics of the buyers of flood insurance in Florida?
Occupancy Type --More than 80 percent of the flood policies in Florida are for single-family, residential properties (Table 2) ; therefore, the majority of our analyses will focus on them. The number of such policies in Florida has increased from around 985,000 in 2000 to more than 1.15 million policies-in-force in 2005. mapped flood zone. 8 We would ideally like to be able to examine take-up rates by flood zone; unfortunately, there is not a comprehensive database of the number of households in each flood zone by county available. Our data, however, do indicate the number of policies-in-force in each flood zone (see Table 3 The A zones (shaded in Table 3) are FEMA-designated 100-year floodplains where the mandatory purchase requirement applies. The subcategories within the A designations (A-A99; AE; AHB; and AO, AOB, and AH) refer to whether a detailed hydraulic analysis has been done and, if so, the particular nature of the flooding. Not surprisingly, about 75 percent of all singlefamily policies in Florida are located in these 100-year floodplains. V zones are also in the 100-year floodplain and the mandatory purchase requirement applies, but these are coastal floodplains that are associated with a risk of storm surge. Quite surprisingly to us, very few policies were in the V zones. This could be because they cover a very small geographic area.
Zone B designates moderate flood risk and Zone C designates minimal flood risk. Both areas are outside of the 100-year floodplain. Zone D consists of areas with possible flood risks, 8 There is some question about the accuracy of these maps, however. Flood risks are not stationary. Development that reduces impervious surface area can increase flooding, as can the engineering of rivers (e.g., Criss and Shock, 2001 ) and possibly climate change. A recent GAO study reveals that many maps are out of date, such that some maps may severely underestimate the true risk (GAO, 2008a) 8 . FEMA has begun a map modernization program to correct this problem. 9 Being in a floodplain not only increases the insurance cost, but can lower property value (MacDonald, Murdoch, and White, 1987; MacDonald, White, Taube, and Huth, 1990; Bin, Kruse and Landry, 2008). but no analysis has been completed on these areas. These three zones represent only a small percentage of policies in Florida. Flood Zone X is composed of those areas determined to be outside of the 100-year and 500-year floodplains, and thus at minimal flood risk. Still, about 18 percent of all residential, single-family policies-in-force were in Zone X in 2005 (up from 15.4 percent in 2000) even though mandatory purchase requirement does not apply (nor does it apply in Zones B, C, or D).
Market Penetration by CRS Class --We also examined policies by CRS class. As discussed earlier, classes range from 10 to 1 (with 10 indicating no mitigation and 1 indicating the maximum amount of mitigation). The deduction in premiums that a community can receive by participating in the CRS and undertaking mitigating activities-such as improved stormwater management, land-use regulations, or outreach campaigns-ranges from 0 to 45 percent of the full FEMA-defined actuarial rate, depending on the level of actions taken. In 2005, about a quarter of residential policies-in-force were in communities with no CRS discount (class 10) (see Table 4 ). The remaining three-quarters of policies benefitted from some type of price discount, ranging from 5 to 25 percent (class 9 to 5). Virtually no policies received a discount higher than 25 percent. 25 percent discount on premiums. That proportion significantly increased in the following two years, with more than 13 percent of the policies having such a discount in 2005.
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Tenure of Flood Policies --How long homeowners keep their policies and whether low retention rates can explain the lower-than-desired take-up rates in many flood-prone areas in the United
States is an open question (GAO, 2006) . As with other catastrophe risks, homeowners may drop their coverage after a certain period if they have not suffered a loss (Kunreuther, 1978) . From our sample, we can track the unique identifying policy number for all of the policies-in-force in the year 2000 and see how many of these were still in place in subsequent years ( Figure 2 ). In 2000, roughly 985,000 single-family, residential policies were in force; by 2005, only about 38 percent of these policies were still in force. We cannot determine, however, whether a policy dropped from our database because a homeowner moved elsewhere or died, or because a homeowner dropped their policy while staying in the same house. 
What type of contracts do policyholders purchase?
We turn now to the design of the flood insurance contracts Floridians purchase. Coverage Levels --The amount of insurance that homeowners can purchase from the NFIP has evolved over time. The NFIP has always had two maximum coverage limits, one for the structure and one for the contents. In 1968, these limits were $17,500 and $5,000, respectively, for residential property; since then, they have been modified several times but have remained unchanged since 1994 at $250,000 for the structure and $100,000 for contents.
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11 Commercial (nonresidential) buildings are eligible for up to $500,000 in building coverage and $500,000 in contents coverage. According to FEMA, as of June 2007, nearly 2 million of the 5.4 million policies-in-force had building coverage only, 3.4 million had both building and contents coverage, and 100,000 had contents coverage only.
Homeowners affected by the mandatory purchase requirement also must meet a minimum coverage level: the principal remaining on the outstanding mortgage (unless this amount is above the maximum coverage limit). To compare the evolution of the real value of the coverage limit, we indexed the current total limit for building and contents coverage of $350,000 to 2008 prices over the period 1968-2008, using the official U.S. inflation rate for each year (Figure 3) . In real prices, the maximum limit on a flood policy in 2008 was about the same as it was 20 years before and much lower than it was in 1978, despite significant inflation over this period and real estate prices that increased in many areas at a much higher rate than inflation. Over the years, some have argued that the $350,000 coverage limit is too low; this concern was raised again following Hurricane Katrina. 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 We were able to examine whether the $350,000 threshold is really a constraint on the demand side for homeowners. 14 Several private insurers, including American International Group (AIG) and Chubb, offer private insurance in excess of the NFIP policy limits. However, the same problems of insurability that the NFIP was set up to address affect private programs. To our knowledge, AIG and Chubb only offer coverage in a handful of states, none of which are Gulf Coast states (Silverman, 2005) . RAND recently examined the market for private flood insurance, estimating that between 130,000 and 190,000 policies are entirely from private companies and perhaps 180,000-260,000 policies are just for coverage in excess of the NFIP cap (Dixon et al., 2007) . Compared to the 5.7 million NFIP policies-in-force, this is quite a small number. 15 These state averages mask considerable county-level variability in whether policyholders are up against the maximum coverage limit. In 2005, some counties, such as Liberty and Lafayette Counties, had virtually no
As expected, policyholders with higher levels of building coverage tend to have higher levels of contents coverage, as well. On average statewide, a policyholder has an approximately 70 percent chance of buying the maximum limit of contents coverage if she has bought the maximum limit of building coverage. Also as expected, the percentage of single-family, Figure 5 shows the amount of the building claim paid divided by the value of the structure (left graph). 17 Most building claims payments were significantly less than the value of the property; 18 for just over 50 percent of the claims, the amount paid was no more than 10 percent of the property value.
policyholders at the limit, whereas in others, such as Walton, Nassau, Collier, and Martin Counties, half or more of the policyholders were at the limit. 16 We thank one of the referees for helpful suggestions on this point. 17 Approximately 12 percent of the observations had a claim payment of zero and a few were greater than the value of the property. These are not included in Figure 5 . 18 Contents claims are not included in Figure 5 because the value of contents was not available. Deductible --In addition to coverage levels, homeowners can choose their deductible. The NFIP offers a choice of six deductibles under which policyholders retain the full loss: $500, $1,000, $2,000, $3,000, $4,000, and $5,000. Choosing a higher deductible can lower the cost of insurance. For instance, someone who chooses a $5,000 deductible for both building and contents coverage would pay (all other things being equals) only 74% of the premium she would pay with $500 deductibles.
Studies on insurance choice for automobile insurance and homeowners policies have found that individuals prefer low-deductible policies, even when these are financially unappealing because of the higher prices charged to cover the cost of processing small claims and to combat adverse selection (Eldred, 1980; Cutler and Zeckhauser, 2004; Sydnor, 2006) . The samples in these studies were relatively modest, however. Here, we are able to consider deductible choices based on a much larger sample than has been studied before in the literature.
We find that, of the more than 1 million flood insurance policies-in-force in Interestingly, homeowners inside SFHAs (100-year floodplains) did not choose the lowest deductible as often as those outside SFHAs. They were also more likely to choose the highest deductible offered (see Figure 6 ). One explanation for this finding is that more policyholders inside SFHAs are forced to insure by their lender because of the mandatory purchase requirement and are thus simply trying to minimize costs by choosing a higher deductible. Another explanation is that some properties outside SFHAs probably qualify for the NFIP's Preferred Risk Policy, which only offers a $500 deductible.
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Still, overall, most homeowners prefer low deductibles, consistent with the findings of previous studies. Several factors might explain the choice of a low deductible, and unfortunately, without interviews of flood coverage purchasers, we cannot tease apart these competing explanations. First, consumers might want to cover as much potential damage as possible (risk aversion). They do not act rationally by evaluating expected losses, but rather assess risk in a binary way: "I suffer a loss or I don't; but if I do, I want to be sure my investment in insurance protection gets me as much as possible back." Second, some homeowners might not be aware that higher deductibles are offered. Third, for some customers who are forced to buy flood insurance by lenders, a low deductible means that the insurer will make payments to customers more often. Even though such payments may not be a valid indication of a company's reliability, they may at least increase confidence in the company's promise of protection against unlikely large losses. Fourth, some lenders enforce a $1,000 or 1 percent of the coverage maximum deductible on policies. Fifth, as suggested by Kunreuther (1978) , some individuals may see insurance as an investment, rather than a risk-spreading tool, and want to collect something back from their policies. The lowest possible deductible will make them more likely to collect as much as possible.
FIGURE 6. CHOICE OF DEDUCTIBLE BY FLOOD ZONE
We tested the hypothesis that people with the highest limit would tend to also have a higher deductible on their policies.
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20 Results previously published show that policyholders would choose a lower deductible but also a lower limit on the policy, focusing mainly on noncatastrophic loss. For instance, in his survey of insurance buyers, Eldred (1980) found that 68 percent of the automobile policies and 69 percent of the homeowners policies that had the lowest deductible also had liability limits of $25,000 or less, even though insurance professionals and consumer publications agreed that a $100,000 personal liability limit was necessary to afford reasonable protection.
(Higher deductibles lower the cost per dollar of coverage as discussed in section 3.2) This would be consistent with some individuals choosing to insure against catastrophic losses but not small losses. To the contrary, the analysis reveals that people who bought the coverage limit were more likely to choose the lowest possible deductible: in 2005, nearly 81 percent of policyholders with the maximum $250,000 limit also had the lowest possible deductible, versus nearly 73 percent for policies with a limit lower than $100,000 for building coverage (see Table 5 ; results were similar for previous years). The number and proportion choosing the $500 deductible for contents coverage also increased with higher amounts of coverage. This suggests that individuals are trying to receive the maximum payout from their insurance or cover both small losses and catastrophic ones. 
Impact of Catastrophes on Consumers' Choices --In 2004, the four hurricanes and one tropical
storm that hit Florida caused billions of dollars in damages, the evacuation of more than 9 million people, and many fatalities. We were interested in whether this exceptional year led homeowners to alter their flood insurance purchase decisions. Browne and Hoyt (2000) found that recent floods led to higher insurance take-up rates and greater levels of coverage. Consistent with their findings, we predicted that insurance take-up rates would increase after these storms and that perhaps coverage levels would rise as well. The NFIP sets its rates nationally, not in response to local episodes. As a result, the premiums of NFIP flood policies remained virtually the same in Florida before and after this series of storms. Any changes we observe are thus due to homeowners' reactions to these events and not to a change in the insurance price formula. Several factors might explain these changes. People who lived in devastated areas and had minimal coverage might have wished, post-storm, that they had purchased the highest possible coverage before being flooded (this is the role of regret; see Braun and Muermann, 2004) . It could also be that the floods were a vivid experience, not only for those affected but also their neighbors and families, and after the storms, therefore, people revised their beliefs, deciding that flooding was more likely and thus insurance more worthwhile. The 2004 floods could have also led more people to think the decision to buy more insurance was a sound financial investment.
Policies-in-force increased in
Where and when are claims paid?
In this section, we investigate how claims vary across counties and the determinants of the magnitude of claims paid. wave action inflicts greater damage than inland flooding from heavy rain. This is consistent with the higher NFIP premiums charged in V zones. Coverage levels do not differ much across the zones, but we cannot control for all factors that influence coverage levels to make an accurate determination.
We also examined which counties generated the highest amount of flood insurance claims between 2000 and 2005. Rather than considering the total value of reimbursements (a county with many more policies will receive more payments, all else being equal), we Our individual variables are somewhat limited by the data available, 23 As stated earlier, the value of the home was only available for about 75 percent of claims.
but we were able to examine several relevant factors. We consider the influence of the structural characteristics of a house that could reduce damages, such as having more stories, having a basement, and being elevated, as well whether the home is located in a 100-year floodplain. We also assessed the impact of community flood mitigation measures by including a variable for the CRS class of the community in which the property was located. As discussed earlier, CRS classes range from 1 to 9 (communities not participating are in class 10); each decrease in class means more mitigation and carries with it a 5 percent point discount in premiums: properties in class 1 community receive the maximum (45 percent) discount; those in class 9 receive only a 5 percent discount.
Unfortunately, data were missing for one or more variables for some of the observations, reducing the sample size somewhat. Still, after cleaning the data, Since our dependent values are proportions between 0 and 1 (with a significant fraction at the value 1) and our independent variables are likely to be nonlinearly related to these proportions, we use a generalized linear model with a logit link function and the binomial family estimated by quasi-maximum likelihood (Papke and Wooldridge 1996) . Fixed effects for year, 24 For many claims, the payment was recorded as zero. These claims could have been closed without payment or the information was missing; they were not included in the regressions. Also, 25 observations had claims larger than coverage levels; these were dropped. Finally, just under 2 percent of claims had claim amounts entered that were larger than the value of the property. For these, the value of claims over coverage was set equal to one. 25 Although in theory communities could have a lower CRS class, it appears over this time period that no community in Florida has achieved a CRS rating better than 5.
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county, and catastrophe number (unique identifying numbers given to named catastrophes, such as hurricanes) were included. Although this should control for many potential influences on claims, the results should be interpreted with a degree of caution because of potential omitted variable bias. The CRS class was also entered as a fixed effect to allow each different CRS level
(1-9) to have a unique effect on the dependent variables.
Results are presented in Tables 7 and 8 for claims as a proportion of property value and as a portion of coverage, respectively.
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TABLE 7. REGRESSION RESULTS: CLAIMS OVER PROPERTY VALUE
In both tables, column I presents the coefficient estimates, and column II presents marginal effects. Given the logit transformation, the coefficients might be somewhat difficult to interpret; the marginal effect is easier to interpret as it gives the effect of a one-unit change in our independent variables on our dependent variable.
Standard errors, given in parentheses, are clustered by census tract. All signs are as predicted. Homes with more floors have lower claims, probably because damage does not affect the entire structure. Claims are much higher in the riskiest areas-100-year floodplains (or SFHAs)-and are lower for buildings with basements, potentially because in many cases, basements alone flood, leading homeowners to file small claims (the NFIP's coverage in basements is limited). When a building is elevated, claims fall, demonstrating that risk reduction measures can indeed reduce damages. The analysis also shows that participation in the CRS program can lower claim amounts. The only significant coefficient is on Class 5. This coefficient is also the largest in magnitude in both regressions, suggesting that the most significant reductions in claims come in communities that aggressively engage in mitigation, although the magnitude is comparable to the coefficients on variables for structural characteristics of the house. If CRS is included in both regressions as a variable and not as fixed effects, it is significant at the 1 percent level, with a marginal effect of 0.0187 for the claims over property value regression and 0.0078 for the claims over coverage regression. Note that these are positive, because in this specification, increasing CRS by one unit signifies less mitigation.
Although not reported individually in Tables 7 and 8 
How are prices determined and how much does NFIP insurance cost in Florida?
The NFIP's price-setting goals differ from those of a private insurance company because the NFIP does not have to seek a profit, nor must its prices reflect the cost of capital. Further, certain properties are offered subsidized rates, whereas others are charged the full-risk premium. 27 27 A building that was in place before the mapping of flood risk was completed in that area is given subsidized rates. New properties constructed after the risk mapping has been made public are charged actuarial rates. The expectation was that fewer policies would be subsidized over time. However, around a quarter of properties are still subsidized today because the housing stock is turning over more slowly than predicted, partly as a result of new construction and renovation techniques that have extended the life of buildings (Pasterick, 1998; Wetmore et al., 2006; Congressional Budget Office [CBO], 2007) . Although it constitutes a declining percentage of all NFIP policies, the number of properties receiving subsidized premium rates has grown since 1985; by 2007, it was at its highest point in almost 30 years (GAO, 2008b) . Of particular relevance to Florida, the CBO found that many subsidized properties in coastal areas (23 percent of their sample of 10,000 properties) were second homes, vacation homes, or rentals (CBO, 2007) .
Because just under a quarter of all policies are subsidized, the entire program cannot be actuarially sound. The goal of the NFIP regarding its pricing is thus not fiscal solvency, but the collection of enough premiums to cover the operating expenses and losses associated with the historic average loss year, as well as to support floodplain management and encourage widespread adoption of flood insurance (Hayes et al., 2007) . (Hayes et al., 2007) . Current revenue is unlikely to be sufficient to Rates are then set for each flood zone, with the same rates for similar flood zones nationwide. The formula the NFIP uses to calculate the actuarial rates is described in the yearly rate reviews. Rates also vary by certain characteristics of the house, such as its height above base flood elevation. NFIP rates are revised each May. By law, any yearly increase in premiums cannot exceed 10 percent overall. This pricing strategy clearly leads to important crosssubsidizations in the program. GAO (2008a) notes that rates do not reflect local topographical conditions and finds that, based on historical claim and premium data, NFIP rates are not always reflections of the risk. Without a detailed analysis of expected losses in various locations, however, it is impossible to say if and how much the prices of NFIP policies may deviate from true risk-based rates. 28 As of May 2008, NFIP the average actuarial premium (nonsubsidized properties) in A zones (which represented 39.6% of the total) was $430, for zone B,C, X (about 37.3%) it was $394, and it was $2,270 for V zones along the coasts (Hayes and Spafford, 2008). cover NFIP operating expenses and claims as well as interest and principal payments to the Treasury (GAO 2008a). Congress will need to determine if and how the NFIP will repay these costs or whether the federal government will assume the costs of catastrophe years. The NFIP's pricing strategy of basing rates on a historical average loss year does not allow for anticipation of changes in future conditions (e.g. new habitat characteristics or changes in weather patterns). With the long delay in updating maps (as of April 2008, close to two-thirds of the maps were more than 10 years old; GAO (2008a)), even without climate change, risk designations are often outdated because of changes in development that in some places have dramatically altered the risk. This leads to rates that do not reflect risk, potentially sending misleading signals to property owners.
Coming back to our analysis of Florida, because rates are set by zone for the entire country, variations in the average premium across geographic areas reflect differences in the percentage of homes located in different flood zones, the structure of the home (basement, elevation, etc.), or the nature of the policy (selected deductible and limit). The average premium paid per $1,000 of coverage in Florida in 2005 ranged from $1.30 in Flagler County to $7.50 in Dixie County, with a mean of $2.79 and a median of $2.50. Interestingly, the counties in which the cost of insurance was the most expensive were not necessarily those with the highest proportion of policies in SFHAs: more than 50 percent of policies in Palm Beach, Broward, and Santa Rosa Counties were in these high-risk zones, but these are among the counties with the lowest average cost of flood insurance. Variations in average cost must therefore be due to differences in the types of homes insured and the coverage and deductible chosen by homeowners.
We find that the average premium per $1,000 of coverage did not increase between 2000 and 2005; in fact, it significantly decreased in all but two of the 67 counties in Florida. Surprisingly, the decline in cost is even more severe when one considers Santa Rosa and absolute terms, the average cost per $1,000 of coverage decreased significantly after the 2004 floods in these two counties.
Conclusion and Possible Improvements to the NFIP
This paper provides both an overview of the functioning of the NFIP nationally and a close look at flood insurance purchases and claims in Florida, which has the largest share of NFIP policies and coverage-in-force of any state in the Union. These results should contribute to a better microeconomic understanding of the market for flood insurance in the United States. This is an important issue because flood losses have been accelerating over the past 15 years, largely due to an increased concentration of homes in high-risk areas. The NFIP has also seen a significant change in its operation's scope over these past 15 years. From 1992 to 2007, it has grown from 2.5 million policies to more than 5.5 million, from $800 million in premiums collected from policyholders to $2.6 billion, and from covering $237 billion in value at risk to more than $1 trillion-increases of 120, 225, and 320 percent, respectively. Some of our findings are in accordance with well-documented expectations on homeowners' decisionmaking regarding insurance purchasing (e.g. choice of very low deductibles) and the functioning of the NFIP. Other findings, however, revealed some common misconceptions. For instance, the current coverage limit is not binding for the majority of homeowners, even though the number of those buying this limit has significantly increased recently. The response to the 2004 hurricane season also suggests that homeowners may desire more coverage and that this demand will become more pronounced if Florida has another devastating hurricane season in the coming years. Excess coverage is available through the private market, however, and to the extent that NFIP rates are not risk-based, there may be equity concerns in continuing to offer coverage to the wealthiest residents at lower than risk-based rates. Instead of, or in addition to, offering more coverage, the NFIP could better connect homeowners with private insurers offering higher levels of flood coverage.
The extreme concentration of the NFIP market in a few states is also somewhat surprising because one may expect flood risk to be spread more broadly across the country. This may be one more indication of the trend toward increased capital and people in coastal areas. The NFIP is also concentrated within Florida such that the highest concentration of coverage and policiesin-force is on the coasts. With the high concentration of the national NFIP portfolio along the Gulf Coast, the NFIP has become more of a hurricane insurance program than a program for inland flood losses, although it does not cover wind damage.
The massive debt the NFIP now faces from the 2005 hurricane claims, coupled with the program's pricing strategy, shows that the NFIP is not designed to be self-sufficient financially in the aftermath of truly catastrophic losses. This issue requires serious consideration as the NFIP comes up for renewal in the autumn of 2009. To limit taxpayer liability for damages incurred by those living in the riskiest areas, several changes could be implemented. First, prices could be modified to reflect the most recent information about exposure, which would probably lead to increases in insurance premiums collected by the program. Second, FEMA could partner with the private sector or draw on the financial markets to access additional capital to address truly catastrophic flooding; this could be done, for example, through the issuance of pre-or postevent bonds. Finally, because more than a third of every dollar paid by an NFIP policyholder goes to the administrative costs of private insurers that do not bear any risk, GAO should analyze whether the level of this payment is still justified 40 years after the program's inception.
Another important way to make the NFIP more effective would be to focus more heavily on risk reduction. Our analysis of claims in Florida clearly indicates that mitigation works.
Claims are much lower both for elevated homes and, perhaps more importantly from a policy perspective, for communities that take part in the CRS. The reductions in premiums seem to be roughly warranted as communities that adopt mitigating measures do have lower claims, all else being equal. To further lower losses, communities could be more strongly encouraged to join this program and to achieve a lower CRS class. One might also consider household-level premium reductions for property owners who flood-proof their homes or businesses.
By following a one-million policy sample over time we provide some evidence that people drop coverage quickly, which has major policy implications since many of those are likely to request federal relief in the aftermath of a major flood. A more radical change in NFIP operation to address this problem would be for FEMA to move away from traditional one-year flood insurance contracts and to instead offer multiyear flood insurance contracts. This would ensure more people maintain coverage over time. FEMA could issue 5-, 10-, or even 20-year flood policies tied to the property (rather than to the individual) that would go hand-in-hand with the mortgage; this could also make investment in flood mitigation more attractive over time. For instance, if 10-year flood insurance policies are in place (with rates reviewed periodically), banks or the federal government could offer 10-year loans to NFIP policyholders for mitigation activities. If policyholders can benefit from an annual rebate on their flood insurance that is greater than the annual loan payment, this would be a win-win situation for everyone. 
